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PROGRAM 


CITRUS PROCESSING CONFERENCE 
September 20, 1961 


MORNING SESSION ~ 9:45 A, M. 
(M. K. Veldhuis, In Charge, U. S. Fruit and Vegetable 
Products Laboratory, Winter Haven, Florida, Presiding) 


OPENING REMARKS, M, K. Veldhuis 


RAPID ESTIMATION OF Q-LIMONENE IN CITRUS JUICES . ... ee ee 
M. K. Veldhuis and G. L. K. Hunter 
U. S. Fruit and Vegetable Products Laboratory, 
Winter Haven, Florida 


RECENT ADVANCES IN THE CHEMISTRY OF CITRUS FLAVONOIDS ...... 
R. M. Horowitz and Bruno Gentili 
Fruit and Vegetable Chemistry Laboratory, 
Pasadena, California 


THE EFFECT OF PULP IN ORANGE JUICE ON HYDROMETER VALUES ..... 
W. Clifford Scott 
U. S. Fruit and Vegetable Products Laboratory, 
Winter Haven, Florida 


AFTERNOON SESSION 1:30 P. M. 


PROGRESS REPORT ON THE PREPARATION OF PULP FORTIFIED CONCENTRATE 
Re GRAPES RUD TS yeu en's. © 1s a2) Sesh je. 6 ew Revels) site 
Bruce J. Lime 
U. S. Fruit and Vegetable Products Laboratory, 
Weslaco, Texas 


FOAM-MAT DRYING OF ORANGE JUICE: PROGRESS IN FOAM PREPARATION, 
SR ee OPAC LUDLEG (s\0% “ovce ‘eh cete 0 0° ule ie 6 bw) s te fe gs 
Owen W. Bissett, James H. Tatum, and Charles J. Wagner, Jr. 
U. S. Fruit and Vegetable Products Laboratory, 
Winter Haven, Florida 


CONTINUOUS FOAM-MAT DRYING . 2 2 eo we we we we we ww ww we ow 
A. I. Morgan, Jr. 
Western Regional Research Laboratory, 
Albany, California 
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RAPID ESTIMATION OF d-LIMONENE IN CITRUS JUICES 


M. K. VELDHUIS and G. L. K. HUNTER 
U. S. Fruit and Vegetable Products Laboratory 
Winter Haven, Florida 


The Clevenger method is the standard procedure for estimating recoverable 
oil in citrus juice products, and with care it will give good results. 

It requires about 90 minutes to complete the analysis. This method is 
satisfactory for establishing grade or checking a pack already prepared, 
but it leaves much to be desired as a quality control method because it 
is so slow. 


Dr. R. B. McKinnis (1) has modified the procedure so that only 500 ml. 
of sample is needed instead of the 2000 ml. for the Clevenger method. 
The smaller bore in the measuring burette required the addition of a 
detergent so that the oil would wet the bore. The distillation can be 
completed in 30 minutes. For one reason or another this method has not 
been widely accepted. 


Dr. E. R. Burdick (2) introduced the idea of adding acetone to the 

orange juice so as to facilitate the release of the oil and distilling 

the acetone and volatile oils together. When water was added to the 
distillate an emulsion formed and the amount of oil present was judged by 
density with a colorimeter. This reduced the time to about 10 minutes. 
Kilburn (3) further modified this method by substituting isopropanol for 
acetone which permitted the analysis of juices with lower oil content such 
as those prepared for babies. This procedure is in use in some 
laboratories as a control method. 


The current investigation was undertaken to further speed the procedure 
by direct steam injection and to quantitatively determine oil present 
colorimetrically by the addition of bromine water to the distillate. It 
was proposed that live steam be used to speed the distillation and that 
this be combined with the Burdick or Kilburn method. 


A pressure reducer and steam trap were arranged to yield dry steam at 

about 5 psi. A Kjeldahl still was modified so that live steam was injected 
by inserting a 1/4 inch stainless steel tube through the stopper leading 

to the bottom of the flask. A 50-inch length of 3/8 inch stainless steel 
tube was coiled into a compact condenser. By this arrangement it was 

found that a 100 ml. sample could be brought to a boil in 25 seconds and 
distillation could continue at a rate of 25 ml. per minute. At higher 
rates the Kjeldahl trap flooded excessively. A bypass valve was used to 
bring the sample to a boil rapidly; the valve was then closed allowing 

a pre-set needle valve to control the rate of distillation. 
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With the addition of acetone or isopropanol to the juice, an ‘oil-in-water 
emulsion was obtained, Some difficulty was experienced in obtaining 
consistent direct colorimetric readings on this emulsion; nevertheless, 
this provides a very rapid method which may be suited to many control 
purposes as the distillation can be completed in about 3 minutes. 


Another approach has been made toward a more quantitative method by 
brominating the distillate with bromine water and measuring the residual 
bromine by means of a colorimeter. The principal constituent of peel oil 
is d-limonene which has two double bonds that react with bromine. 
Isopropanol cannot be used because it also absorbs bromine; however, 
acetone has been found to be suitable as it reduces bromine only slowly. 
This procedure is both rapid and precise. 


In the tentative procedure a sample containing about 0.01 ml. of 
d-limonene is diluted to 100 ml. and placed in a short~necked 300 ml. 
Kjeldahl flask with 10 ml. of reagent grade acetone. Steam is applied 
as previously cescribed and 60 ml. distilled into a 100 ml. glass 
stoppered graduate. Twenty milliliters of a diluted solution (15 to 1) 
of saturated bromine water is rapidly added to the contents of the 
graduate. The graduate is shaken thoroughly and a portion poured into 
a dry colorimeter tube. The colorimeter is read with a 420 m (blue) 
filter without delay. The reading is compared with a standard curve 
prepared in a Similar manner with known mixtures of either peel 
oil-acetone-water, or d-limonene-acetone-water, or by comparison with 
samples analyzed by the Clevenger method. The entire procedure can 

be completed in about 4 minutes and gives more reproducible results 
than measurement of the optical density of the oil-acetone-water 
emulsions. 


References 
1. McKinnis, R. B. Private Communications. 


2. Burdick, E. M. and Allen, J. S. Rapid estimation of citrus 
peel oil. Anal. Chem., 20, 539-41 (1948). 


3. Kilburn, R. W. & Petros, L. W. Rapid determination of peel 
oil in orange juice for infants. Proc. Fla. State Hort. 


Soc., 69, 107-8 (1956). 
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RECENT ADVANCES IN THE CHEMISTRY OF THE CITRUS FLAVONOIDS 


ROBERT M. HOROWITZ AND BRUNO GENTILI 
Fruit and Vegetable Chemistry Laboratory 
Pasadena, California 


Work has continued on the nature of the sugar constituents present 

in the flavonoid glycosides of citrus fruits. The types of glycosides 
now known to occur are the following: - the rhamnoglucosides (including 
both rutinosides and neohesperidosides); simple glucosides; and 
carbon-carbon linked glycosides. Some recently found examples of these 
will be discussed. 


The flavonols limocitrin. and limocitrol (both from lemons) have been 
mentioned in previous reports. These compounds are 3,5,7,4+'-tetrahydroxy- 
8,3'-dimethoxyflavone and 3,5,7,4'-tetrahydroxy-6,8,3'=trimethoxyflavone, 
respectively. A third new flavonol from lemons, isolimocitrol, has been 
found recently and its structure shown by means of ultraviolet spectra. 

It appears to be 3,5,7,3'-tetrahydroxy-6,8,4'-trimethoxyflavone. 
Limocitrin, limocitrol and isolimocitrol have all been isolated in the 
form of their glucosides, which have been found to be, in each case, the 
3-beta-D-glucoside. The chemical and spectral evidence for these 
structures will be discussed. 


Study of the flavonoid glycosides of oranges has revealed the 

occurrence of naringenin 7-rhamnogluccside and isosakuranetin 
7-rhamnoglucoside. As neither of these compounds is bitter, it may be 
inferred that the sugars are in the form of rutinose rather than 
neohesperidose. (The corresponding neohesperidose derivatives, which are 
found in grapefruit, are the bitter flavanones naringin and poncirin). 

A summary of the available information on the occurrence of neohesperidose 
and rutinose derivatives in citrus will be given. 


The carbon-carbon glycosides of flavonoid compounds have been shown to 
occur in several plant species but never in citrus. Vitexin, the most 
thoroughly studied of these compounds, has long been known as a constituent 
of the tree Vitex lucens. However, its structure is not known with 
complete certainty. Recently, we have isolated vitexin in small yield 
from Valencia oranges and have also obtained several similar C-C glycosides 
of flavones from other citrus fruits. 


A number of derivatives of various rutinose and neohesperidose 
glycosides have been prepared in order to study the relations between 
chemical constitution and taste in these compounds. These data will be 
discussed briefly. 
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THE EFFECT OF PULP IN ORANGE JUICE ON HYDROMETER VALUES 


W. CLIFFORD SCOTT 
U. S. Fruit and Vegetable Products Laboratory 
Winter Haven, Florida 


The Florida Citrus Commission and other interested groups in the citrus 
industry requested that the U. S. Department of Agriculture undertake a 
thorough review of the official inspection procedures used in Florida for 
sampling and testing oranges for processing to determine pounds of solids 
per box. In accordance with this request a special survey committee, 
composed of U. S. D. A. and Florida lxperiment Station personnel, was 
formed. Following its survey of sampling and testing procedures currently 
in use, the Committee recommended that certain phases of these procedures 
be subjected to critical study and evaluated as possible sources of error. 
One of the studies suggested was to determine if variations in pulp content 
affect the Brix reading of orange juice, and the U. S. Fruit and Vegetable 
Products Laboratory was asked to conduct the investigation. 


Thirty-one samples of Valencia orange juice were examined for the effect 

of contained pulp on their hydrometer Brix values. Twenty-five of these 
were brought to the Laboratory directly from State testing stations at 
concentrate plants where FMC extractors were used, each sample being 
prepared from a separate load of fruit. A few of these contained so much 
pulp that the hydrometer conld not be used until some of the pulp had been 
strained out, and all contained more pulp than is common in retail products. 
Six other samples were vrepared from separate lots of fruit with a Brown 
extractor and finished through an 0.040" finisher screen, three at 7 lbs. 
and three at 10 lbs. pneumatic pressure on the finisher shaft. 


Hydrometer values were obtained on each sample with four levels of pulp 
content: full pulp, with 1/4 of the pulp removed by straining through 
cheesecloth, with 5/8 of the pulp removed, and with all the pulp removed. 
This was accomplished by straining 1/4 of the juice and mixing it with 
the unstrained, then straining 1/2 the mixed juice, and finally straining 
all the juice. Cloths were wet with an extra portion of the juice being 
tested and tightly squeezed before their tares were taken, and similar 
Squeezing pressures were applied to "dry" the cloths with and without 
recovered pulp. Total pulp was calculated by adding the weights of pulp 
recovered at each straining. Pulp contents ranged from 0.65% to 4.33% 
by weight. In order to eliminate an effect from air bubbles, about 800 
ml. of the prepared samples were deaerated and carefully remixed before 
taking the hydrometer readings. All readings were taken with the same 
hydrometer with_enclosed thermometer, and were corrected to its calibration 
temperature, 20° Cc. Readings were made to the nearest 0.05 Brix. 
Hydrometer values of strained juice ranged from 9.79 to 13.41 Brix. 


_ 7 * 
. 4 wie - wf a 7) j @ 
i a 
. j ~~, os : om 7 
~~ -~ ue é 
: 7 7 2 1 
? ~ ; : ; ; 
’ a i 
7 Ft bial : Pare - 
o. “ te ie rad . ‘ Pee | 
. fod wR, Z vee 
“ » aon him 77a oe #6 “y - hy x i 2 
STAY PUTO BO TST wae wes a | ji 
- . i. 
: 7 
: 
. ‘ f 
Wk Agee 4g “E+ ae 7 ad ‘7 
ad wayte” baie a » Ore | «' Z 
ard 4 - eta F! * ries ger - y e - . ay 
‘ ; 9 in Eesy FLOM I STG NS O142EX' « 
a an a . eek oO» , 
BP oYOLY. .qarran yosnkw 
: D nal baat eee CF a sen rr ne ay 
PL 25 ef SF) BUC Pots LIIJ0L “NSnsG Neds COlSoLov 2 
—_ 7 re “* A ali, te ¥ , a 4 ho me c 
4 ie Ji ~ a 4 > : od Lael iis > i oe a. mi 2 pee o@ sii G72 
a - . 7 r . | 
{ or. m3 Ar woe OORT HOLIDSTERE LORIE 8he We 
, - ; ? . “ ye . ll 
o & its rc ake, ec OO EL Ji GSS AWIO Bae 
a ¢ > 4 
; of vst [erase s Juerdey aft? Wel esaebyooss 
7 oe -* F ak oa ~ Por eke us 7 
Sok ee eel ? > Lee a a rr © > 4 met © on a4 « 
is , - ae “ . am - o oe te Me oe i. — 
{ -* 06 wy - 8 F | = aut hae ive ou bad fe: ; ro y PY Ive BIs wt 
gbescir ess ho eee tian $sud Aelrentoomn asyt tm 
a 7 al 
- > of Ss » * rT ne - “* ¢ if my ¢ 7 
ae ne oa ofdraa netsuLcre Sts yosie Leokdiys oF Bam 
: ; 
- a’ P 5 ge re oe 7 - 
S25. p f eLo5tsi [ : é* set eongur sere 
oe - ¢ - \ Me q ” % ~ 
BR ; é ; a » td 4 i . i bah ‘ Aas aye 2 
r Pace ree . it Se - ‘. aT a 
pa ‘ 4: at ee > pe ae . ia Atif Cae - 
‘ 
’ . be _ ; v2 Poly 4 
4 ? a J ERS » och Mid B42 VA Le 40° 24 
iy Fe i-uinowl ,aeuley xfuS xetetochyn sted? ae 
bi ot ff fe > “> Pa _~ & «¢ ah 
/ : t teas? eteia ctl 1322 “1 33 grids! et 
' ‘ Pa ' 
~ = Ep >) ,vezi 3 $ "ert TIL Ay Yyoiw eae 
. , ’ + q in wn’ Sa , ale i 
‘a 3 a .: } s et i Shr WT z ow te . i , Ls fx! B « y and | 
« ‘ feo Bik ay * c oo 24 ‘ rune & 
, f ? <0 BG Pf AL q os LIZIGO -% WO LH) 
. P 9 P - : 0 Bice >» £F ¢ 
us aelicty’s < . J Oo figst ic ET Dz asae H 
~ A 7 ‘ nat at : 
ao eal Lo: SIGs : iS 75 OTL * OTOy 4 
: . o ? ca . 
7 ’ “3 sty riz} 4 myEns ’ ides a 
- a : ihe a 4) PE SCG at! tyros tla 
t ’ ’ I 3 gu ps i ae 3 5 Le Li 0 i é sO 28 
; 4 
Tet esiv oLamiee |: o Ho Set tetie -syaw oa 
‘ . ,-£ i . bee : + ef his eis' 
. Ls 7 P rm oO ue! 3) we 7 ea as ot el 
% 7 : " ea" ‘ 
. ot - ’ P . > 4 mF : 
; Se Se eae 1 iw Ek? Sh hty m ghavVvirw Ss La! ois 2 Wa oe 
* . é . *’ . 
< - VaA ca bid *| ify pr is is “ eked bE sa3 3 Yo . Oz f Ly MOR 
* _ fe in mn | os & » = = " . 4 5 4. ¥ poe Se oad, 
* t tow * , vw a; Le, - > mi Sf Lae > tll. t lS Pic ete 4 
-~ ’ wt & F , . P . be s on el ' go t 
ek IS 2 Wiis : Lv = vf oy we 4 he. fald ' 7. & wae ai TOL « oy VER 
* r, ra od o . 
> ti teva ro’ Ssetad «thos oto tad ma lupes Cline ty Dae 
« > . f L493 * ; ‘ aa p | Meas ’ 
; : Oitois ot? “Yoh” of bekiges syew saigaaoee ag 
‘ ..% \- . f “ t 2 f' a 4 4 
c Mmiaw ety ot cht vd beteltvoiag @aw aise Indo? 
— a : be wed fr ett am eyed . 
: ~‘. PIUS.305 Tl «DRS istye a 
. - ‘ ~ ~ ag” . Yt. - » P 4 " Pa - Cs. “ r 
tw? FEO sSOLCGesS Lh Go 2: 4 £95 SJSRLRL LES OF Yebisa F 
+. # - Pr, f ; ‘ - ‘a i ? 
*, re 0 Hl rr Yi itl, ‘e2>) | ap £3 er es ee ai baby hab a9 f. efits bs eT acto 
Hmmm « * * to . Pare ~ ; he ee my Sy j ta » 4 i" 
a or er) iW O82 ; ee SS Lae Bun baer Te formar 
* aA - yi 3 f ‘ * “a 
“ + * « & . , . " i J = 
Corry et > SFOGRYO) S25 1B .~4os0n avr ort PIQOLONS 
. bf ’ ‘ 
’ >= nas el St » al ‘ : i 
aT ‘~~ -Astsen on’ ¢9 856m atsw santines ov = |) g SPSEEES 
rT -, { «= Paet! ot : ; ae ®, 
-* > - es er , foe = Pe —- > 4 » } 
; 2 4reci Gv yet! gort Desacs ooduk betiewis to aegcee ee 1 


a7 ee 


Differences due to incremental removal of pulp were small and variable. 
Of 93 differences, however, only 8 were increases. Average reductions 
in hydrometer values for each step in pulp removal were successively 
0.040", 0.044°, and 0.040° Brix, with an average over-all reduction of 
0.124° Brix. The average reduction caused by the removal of 1% pulp was 
0.051 Brix, 
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PROGRESS REPORT ON THE PREPARATION 
OF PULP FORTIFIED CONCENTRATE FROM RUBY RED GRAPEFRUIT 


BRUCE .Jd.. LIME ~ 
U. S. Fruit and Vegetable Products Laboratory » 
Weslaco, Texas 


The U. S. Fruit and Vegetable Products Laboratory at Weslaco, Texas, 
has been working for several years on the utilization of red grapefruit. 
One of the difficulties encountered in processing is the color of the 
juice products. When processed in the same manner as white grapefruit 
the juice has too much color to pass the standards for white juice and 
does not have enough color to pass the standards for red grapefruit 
juice. Previous studies have indicated that the color of single strength 
juice from Ruby Red grapefruit can be enhanced by pulp fortification. 
This study was undertaken to determine what stabilization measures, if 
any, were necessary when the pulp fortification procedures were applied 
to the production of frozen concentrate produced from Ruby Red grapefruit 
juice. Eighteen concentrate packs were prepared with varying degrees of 
heat stabilization of the raw juice and the high pulp cutback juice. Heat 
treatment by flash pasteurization at temperatures of 170°, 175 , 180 
and 185° F. were used. The packs were frozen and kept in storage at- 

0 ; 
10° F. until analyzed. 


Preliminary analyses of the concentrate packs after six months storage 
have indicated that the pulp fortified cutback improved the color of the 
concentrates. All heat treatments improved the stability of the cloud of 
the concentrate. Heat treatments of 180° and 185 F, were rated lower 
in flavor than heat tretments of 170° and 175 F. 
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FOAM=~MAT DRYING OF ORANG! JMICH: PROGRESS, N FOAM PREPARATION, 
DRYING, AND STORAGE STUDIES 


OWEN W. BISSETT, JAMES H, TATUM, and CHARLES J. WAGNER, JR. 
U. 8. Fruit and Vegetable Products Laboratory 
Winter Haven, Florida 


Foam-mat drying as discussed at our Conference last year was concerned 
primarily with the equipment and its use in the preparation and drying 

of foamed concentrates. The meeting closed with a successful demonstra- 
tion of the process at the Laboratory. In principle, "foam-mat" drying 
depends upon addition of a small amount of a stabilizer to orange concentrate 
and the generation of a foam by beating in a food mixer using a wire whip. 
The foam is passed through the drier as small strands on a Teflon-fibreglas 
belt. Drying is accomplished by hot air blown across the belt and the dried 
material removed in a low humidity packaging room. 


The principal phases of the process investigated during the past year 
include foam preparation, drying studies, packaging, and storage. These 
will be discussed in the order listed, 


Foam stabilizers must permit the formation of a foam which can be handled 
in the feeders without breaking down. The foam must also retain its shape 
on the drying belt and give a satisfactory reconstituted product. The 
product used in most previous studies was a monoglyceride from hydrogenated 
lard. Most of the additional stabilizers tried were discarded because the 
foam was not sufficiently stiff or degraded rapidly during handling or 
drying. A product designated as a glyceryl monostearate has shown promise. 
Another type of product, a modified soya-bean protein, has shown the most 
promise when used with about one-fourth its weight of methyl cellulose. 

The latter has a distinct advantage of yielding a more natural color in the 
reconstituted product and reconstitutes more readily. The density of the 
foam is somewhat greater and permits a heavier belt loading rate than 
monoglyceride, but monoglyceride foamd dry in a shorter time so drier 
capacity remains the same. Neither of these two stabilizers contributed 
appreciably to flavor. 


Drying studies have been made seeking to determine the effects of different 
drying schedules on the moisture content and flavor of the products. 
Modifications of the equipment have greatly increased theaccuracy of control 
of belt loading rate, and of air temperatures and air speeds. The drier is 
divided into four sections with each under separate temperature control. 


1/ Cooperative investigations of the Florida Citrus Commission and 
the Southern and Western Utilization Research and Development 
Divisions. 
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It is thus possible to use air at 200° to 220° F. in the first section 
where moisture content is comparatively high and evaporation limits 
product temperature. Subsequent sections are controlled at lower 
temperatures depending on belt speed, loading rate, foam stabilizer used, 
and maximum desired product temperature. 


A series of drying studies was conducted including use of both protein 
and monoglyceride stabilizers. Maximum foam temperatures during drying 
were 155°, 170°, and 185° F. These temperatures were maintained for 
periods of 2 to 10 minutes. Product moisture in the protein stabilized 
powders varied from 1.5% to 4% and in those containing the monoglyceride 
from 0.5% to 3%. All preducts dried at 185° F. had a definite scorched 
flavor. In products dried at lower temperatures another flavor was 
observed which has been associated with dried orange juice. It was present 
in varying degree depending on the drying conditions, At lower 
concentrations it was obscured by the addition of locked-in oil used for 
flavor fortification. These data indicate that 185° F. is too high a 
temperature for satisfactory flavor. 


Preliminary studies of the effects of nitrogen gas and air packaging on 
flavor stability have been made. It had been thought that the presence 
of oxygen in the package would favor oxidative changes which would be 
observed as a flavor difference by the taste panel. Products were stored 
at -90°, -40°, 0, and 70° F. and observed for flavor change for periods 
up to 8 weeks. No flavor differences were noted between powders packed 
in air or nitrogen. Additional studies are planned. 


The flavor stability of "foam-mat" dried orange juice during storage at 
several temperatures and moisture contents is being investigated. Two 
orange juice powders, one containing a protein and the other a 
monoglyceride and having a moisture content of the order of 2.2% were 
packaged with a desiccant and stored at 70 and 85° F. The taste panel 
observed a flavor change in both products after 2 weeks in 85 fF. 
storage. Stability was greater in 70 F. storage. At this temperature a 
difference was noted in products containing monoglyceride after 8 weeks 
and in those containing the protein after 16 weeks. Thus a greater 
stability is indicated for the protein stabilized materials even though 
moisture release is more rapid in products containing the monoglyceride. 


The in-package desiccant is expensive, bothersome, and a sales hazard; 

and its elimination would be a distinct advantage. It is not feasible to 
reduce the moisture content during regular drying to less than about 2.25 
percent at which moisture content powdered orange juice has limited 
storage life; hence, the in-package desiccant is needed to gradually 
decrease the moisture content in the can. A possible alternate procedure 
might be to reduce the moisture content to some lower figure by a 
secondary drying process before packaging. Powders of low moisture content 
have been produced by maintaining the product at low humidity under vacuum 
over a period of time at 70 F. Powders with moisture contents of 1.37%, 
1.24%, and 0.92% have been prepared and additional pots with lower moisture 
contents are to follow. Storage life at 70 and 85° F. will be determined. 
Several methods of rapidly reducing powdered orange juice to low levels 
are being tried. 
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CONTINUOUS FOAM-MAT DRYING 


A. I. MORGAN, JR. 
Western Regional Research Laboratory 
Albany, California 


Foam-mat drying is a new way of producing instant food powders by air 
drying stable foams. fFoams can be made by adding a small proportion of 
an edible foam stabilizer. One such stabilizer is a combination of 
solubilized soya protein and methyl cellulose. In various proportions and 
types, these two edible substances can be used to stabilize a wide variety 
of fruit and vegetable purees and concentrates, including those of the 
various citrus fruits. 


In order to dry these foams quickly, they must be spread out in such a 
way that they are in good contact with the drying air. Air flowing 
through a thin air-punctured mat of foam lying on perforated plate or 
tray is one effective way of getting good contact. In order to use the 
air repeatedly and efficiently, a deep bed may be formed by stacking these 
trays up in the duct through which the air flows. A good arrangement 
involves a concurrent flow of fast hot air followed by a countercurrent 
flow of decreasing velocity and temperature. This has been done by 
continuously raising the trays through the duct, removing them dry at the 
top. Hot air flows into the bottom of the stack through the fresher trays 
and out at a central exit. Warm air enters the top of the stack and flows 
through the oldest trays. Some of the hot air enters the stack midway in 
this countercurrent section joining the warm air. The mixture flows 
through the remaining trays of the countercurrent section, leaving the 
stack at the same exit as the spent concurrent air from below. 


Several pilot plant dryers of this type have been built, including one at 
WRRL. The WRRL unit is arranged for continuous and automatic operation 
beginning with food at one end and yielding dry powder at the other end. 
A continuous foaming device meters food stabilizer and gas together, 
produces a foam, and delivers it to the feeder. This unit extrudes the 
foam onto perforated trays and punctures or craters the mat. The trays 
then move through the dryer proper. Filtered hot air is delivered to the 
dryer by the blower unit. The dry material is conveyed to the detraying 
unit which is located in a low humidity room. The detrayer plows off the 
product and brushes the trays clean for reuse. The powder is filled into 
bags by gravity, while being flushed with nitrogen. The Albany unit can 
produce about 20 lbs. of orange juice powder per hour. 


It is best to pack fruit powders as dry as possible in order to retard 
spoilage or caking. It seems difficult to get foam-mat dried products 
below 2.5% moisture without scorching them. We therefore have added 

small amounts of various solvents to these powders to facilitate final 
drying. A weight of a very hydrophilic solvent equal to 10% of the powder 
may be sprayed onto the powder without clumping it. This solvent, 
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together with most of the remaining water, can easily and completely be 
removed at room temperature in vacuum or a gentle air stream. Ethanol 

is a good choice for the purpose, although methanol is even faster. This 
technique is also usable for removing residual moisture from freeze dried 
food pieces. We suggest the term "Extractive Drying" for this method. 

We hope that in-package desiccants can be avoided with the help of 
extractive drying, since orange powders at moisture contents below 1.0% 
can be achieved. 
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LIST OF CITRUS PUBLICATIONS 
AND PATENTS 


(September 1, 1960 - August 31, 1961) 


UNITED STATES DEPARTMENT OF AGRICULTURE 
AGRICULTURAL RESEARCH SERVICE 


SOUTHERN UTILIZATION RESEARCH AND DEVELOPMENT DIVISION 


U. S. FRUIT AND VEGETABLE PRODUC''S LABORATORY 
600 Avenue S, N. W, 
Winter Haven, Florida 


THE DETERMINATION OF SOLUBLE SOLIDS IN CITRUS JUICES. I. THE EFFECT 
OF NON-SUCROSE COMPONENTS ON REFRACYOMETER VALUES 
~ Scott, W. C., Morgan, D. A. and Veldhuis, M. K,. 
Food Techol. 14 (9), 423-428 (1960). 


EFFECT OF CITRIC ACID CONCENTRATION ON THE FORMATION OF DIACETYL BY 
CERTAIN LACTIC ACID BACTERIA 
Rushing, N. B., and Senn, V. J. 
Appl. Microbiol. 8 (5), 286-290 (1960). 


A MICRO-SCALE COLLECTION TUBE FOR GAS CHROMATOGRAPHY 
Gold, H. d, 
Chemist Analyst 49, 112 (1960). 


NOBILETIN FROM THE PEEL OF THE VALENCIA ORANGE (Citrus sinensis, Lie 
Swift, Lis us 
J. Org. Chem. 25, 2067 (1960). 


CITRUS PECTINESTERASE INHIBITOR IN GRAPE LEAF EXTRACT 
Kew, T. Je, and Veldhuis, M. K. 
Proc. Florida State Hort. Soc. 73, 293-97 (1960). 


THE DETERMINATION OF SOLUBLE SOLIDS IN CITRUS JUICES. II. CORRECTION 
OF REFRACTOMETER VALUES OF CONCENTRATED JUICES 
Scott, We Ce, Morgan, D. A., and Veldhuis, M. K. 
Food Technol. 15 (4), 180-86 (1961). 


DETERMINATION OF LINALOOL AND @-TERPINEOL IN FLORIDA ORANGE PRODUCTS 


Swift, Lyle James 
J. Agr. Food Chem. 9 (4), 298-301 (1961). 
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U. S. FRUIT AND VEGETABIE PRODUCTS LABORATORY 
509 West 4th Street 
Weslaco, Texas 


A CAROTENE PRECURSOR: ITS PROPOSED STRUCTURE AND PLACE IN 
BIOSYNTHETIC SEQUENCE 


Thompson, Guy A., Jr., Purcell, Albert E., and Bonner, James 
Plant, Physiol. 35 (5), 678-682 (1960). 


GLUCOSE AS A CARBON SOURCE FOR CAROTENE SYNTHESIS IN TOMATOES 
Purcell, Albert E. and Thompson, Guy A., Jr. 


Arch. Biochem. and Biophys. 93 (2), 231-237 (1961). 
OBSERVATIONS ON THE COLOR OF RUBY RED SEEDLINGS 
Purcell, Albert E. and Hensz, Richard 
J. Rio Grande Valley Hort. Soc. 15, (1961). 
SEASONAL VARIATION OF TEXAS VALENCIA ORANGE JUICE 
Lime, Bruce J. and Tucker, Donald M. 
J. Rio Grande Valley Hort. Soc. 15,(1961). 
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WESTERN UTILIZATION RESEARCH AND DEVELOPMENT DIVISION 


FRUIT AND VEGETABLE CHEMISTRY LABORATORY 
263 South Chester Avenue 
Pasadena 5, California 


THE CITRUS FLAVONOIDS 
Horowitz, Robert M. 
Chapter in book entitled, The Orange. Its Biochemistry and 
Physiology. pp. 334-372. Edited by W. B. Sinclair, Agricultural 
Publications, Univ. of California, Berkeley,California, 1961. 


OILS IN PEEL, JUICE SAC, AND SEED 
Kirchner, J. G. 
Chapter in book entitled, The Orange. Its Biochemistry and 
Physiology. pp. 265-301. Edited by W. B. Sinclair, Agricultural 
Publications, Univ. of California, Berkeley,California, 1961. 


NITROGENOUS CONSTITUENTS 
Rockland, Louis B, 
Chapter in book entitled, The Orange. Its Biochemistry and 
Physiology. pp. 230-264. Edited by W. B. Sinclair, Agricultural 
Publications, Univ. of California, Berkeley, California, 1961. 


FLAVONOIDS OF CITRUS. IV. ISOLATION OF SOME AGLYCONES FROM THE 
LEMON (CITRUS LIMON) 
Horowitz, R. M. and Gentili, Bruno 
J. Org. Chem., 25 (12), 2183-2187 (1960). 


FLAVONOIDS OF CITRUS. V. STRUCTURE OF LIMOCITRIN 
Horowitz, Robert M. and Gentili, Bruno 
J. Org. Chem., 26 (8), 2899-2902 (1961). 


PHENOLIC GLYCOSIDES OF GRAPEFRUIT: A RELATION BETWEEN BITTERNESS AND 
STRUCTURE 
Horowitz, R. M. and Gentili, Bruno 
Arch. Biochem. and Biophys. 92 (1), 191-192 (1961). 


SPECTRAL STUDIES ON FLAVONOID COMPOUNDS. II. ISOFLAVONES AND 
FLAVANONES 
Horowitz, Robert M. and Jurd, Leonard 
J. Org. Chem., 26 (7), 2446-2449 (1961). 


SPECTRAL STUDIES ON FLAVONOLD COMPOUNDS. III. POLYHYDROXYCHALCONES 
Jurd, Leonard and Horowitz, Robert M. 
J. Org. Chem. 26 (7), 2561-2563 (1961). 


DETERMINATION OF THE RELATIVE CONCENTRATIONS OF THE MAJOR ALDEHYDES IN 
LEMON, ORANGE AND GRAPEFRUIT OILS BY GAS CHROMATOGRAPHY 
Stanley, W. L., Ikeda, R. M., Vannier, S. H., and Rolle, lL. A. 
J. Food Sci. 26 (1), 43-48 (1961). 
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WESTERN REGIONAL RESEARCH LABORATORY 
800 Buchanan Street 
Albany 10, California 


FRACTIONATION OF CAROTENOIDS. TWO NEW SOLVENT SYSTEMS FOR THE 
COUNTERCURRENT DISTRIBUTION OF CAROTENOIDS 
Curl, A. Laurence 
J. Agr. Food Chem. 8 (5), 356-358 (1960). 


ALKALINE REARRANGEMENT OF PARA~AROYLOXY-ORTHO-HYDROXYACETOPHENONES 
Jurd, Leonard 
Chem. and Ind. 30, 965-966 (1960). 


CHROMATOGRAPHY OF PHENOLIC COMPOUNDS ON BORATE IMPREGNATED PAPER 
Jurd, Leonard 


J. Chromatoge 4 (5), 369-375 (1960). 


SYNTHESIS OF SOME IODO-HYDROXY-FLAVONFS AND FOLYHYDROXYBIFLAVONYLS 
Jurd, Leonard 
Chem. and Ind. 10, 322-323 (1961). 


A MODIFIED GIBBS METHOD FOR THE DETERMINATION OF 1 P.P.M. OR LESS OF 
O-PHENYLPHENOL IN FRUITS 
Leinbach, L. R.,and Brekke, J. i. 
J. Agr. Food Chem. 9 (3), 205-206 (1961). 


PREPARATION OF LOCKED IN CITRUS OILS WITH "MIXED SUGARS" 
Schultz, T. H., and Talburt, W. F. 
Food Technol, 15 (4), 188-190 (1961). 


DETERMINATION OF THE RELATIVE CONCENTRATIONS OF THE MAJOR ALDEHYDES 
IN LEMON, ORANGE AND GRAPEFRUIT OILS BY GAS CHROMATOGRAPHY 
Stanley, W. L., Ikeda, R. M., Vannier, S. H., and Rolle, L. A. 
J. Food Sci. 26 (1), 45-48 (1961). 


INCREASING EVAPORATOR CAPACITY WITH POLISHED TUBES 
Kilpatrick, P. W., and Breitwieser, Edward 
Ind. Eng. Chem. 53 (2), 119-120 (1961). 


USE OF DIRECT STEAM INJECTION IN FOOD PROCESSING 
Morgan, A. I., Jr. 
J. Dairy Sci. 43 (11), 1693-1696 (1960). 


FOULING INSIDE HEAT EXCHANGER TUBES 
Morgan, A. I., Jr., and Carlson, R. A. 
Food Technol. 14 (11), 594-596 (1960). 


WALL TEMPERATURE AND HEAT FLUX MEASUREMENT IN A ROUND TUBE 
Morgan, A. I., Jr., and Carlson, R. A. 
J. Heat Transfer, pp. 105-110, May 1961 
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RECENT DEVELOPMENTS IN FOAM-MAT DRYING 
Morgan, A. I., Jr., Graham, R. P., Ginnette, L. F., and Williams, G, S 
Food Technol. 15 (1), 37-39 (1961). 


ACUTE AND SUBACUTE TOXICITY OF AMINO-~HEXOSE-REDUCTONES 
Ambrose, Ae M., Robbins, D. J., and DeEds, Floyd 
Proc. Soc. for Expt. Biol. and Med. 106 (3), 656-659 (1961). 


URINARY PHENOLIC ACID METABOLITES OF TYROSINE 
Booth, A. N., Masri, M. S., Robbins, D. J., Emerson, 0. He, 
Jones, F. T., and DeEds, Floyd 
Je Biol. Chem. 235 (9), 2649-2652 (1960). 


EXCRETION OF CATECHOL AFTER INGESTION OF QUINIC AND SHIKIMIC ACIDS 
Booth, A. N., Robbins, D. J., Masri, M. S., and Delids, F. 
Nature 87, 691 (1960). 


PATENTS A 
(All patents are assigned to U. S. Government 
as represented by the Secretary of Agriculture) 


PURIFICATION OF FRUIT ESSENCES AND PRODUCTION OF SOLID COMPOSITIONS 
THEREFROM 

K. P. Dimick and Benjamin Makower 

U. S. Patent No. 2,949,368, Aug. 16, 1960 


DEHYDRATION OF FRUIT AND VEGETABLES JUICES 
S, I. Strashun and W. F. Talburt 
U. S. Patent No. 2,959,486, Nov. 8, 1960 


CONTINUOUS PROCESS OF DEHYDRATED FRUIT AND VEGETABLE JUICES 
A. I. Morgan, Jr. and L. F. Ginnette 
U. S. Patent No. 2,955,046, Oct. 4, 1960 


DEHYDRATION OF FRUIT AND VEGETABLE JUICES 
A. I. Morgan, Jr. and L. F. Ginnette 
U. S. Patent No. 2,955,943, Oct. 11, 1960 


PROCESS OF DEHYDRATING FRUIT AND VEGETABLE JUICES 
A. I. Morgan, Jr., J. M. Randall, and R. P. Graham 
U. S. Patent No. 2,967,109, Jan 3, 1961 


a aamemneenenn mnememennuenmmenenenecn nae 


1/ Patents can be obtained only by purchase from the U. S. Patent 
Office, Washington 25, D. C., for 25 cents each. 


Reprints of the above - listed publications are available and may 
be obtained without cost by addressing request to the respective 
laboratories. 
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